studies have demonstrated the presence of p30, p13 and p12 9 kb human retrovirus with at least eight alternatively spliced in addition to the previously recognized Tax, Rex and p21 rex mRNAs expressed from the 3Ј or pX region of the genome.
existence of all of the alternatively spliced messages and demonstrated that splice site utilization may represent an important viral regulatory pathway. Introduction Human T cell leukemia/lymphotropic virus (HTLV), the causative agent of adult T cell leukemia (ATL) (reviewed in Ref.
1)
Materials and methods as well as the slowly progressive neurological disease, tropical spastic paraparesis/HTLV-I-associated myelopathy (TSP/ HAM) 2 is a complex 9 kb human retrovirus. The degree of complexity of the viral genome has recently been recognized Several previously described IL-2-dependent and IL-2-indewith the detection by several groups of at least eight alternapendent HTLV-I-infected T cell lines were utilized in these tively spliced mRNAs expressed from the 3Ј or pX region of studies. They included the IL-2-independent lines C10/MJ the genome.
Cell lines
3-6 These mRNAs allow for the expression of established from a patient with ATL (who subsequently novel proteins from the previously recognized pX open readdeveloped TSP/HAM), 11 NS1 established from a healthy seroing frames I and II in addition to Tax, Rex and p21 rex encoded positive individual, 12 C8166-45 established from a patient from orf III and IV. The alternatively spliced messages include:
with ATL and containing defective proviruses 13 and LAF, the doubly spliced pX-tax/rex with the coding capacity for established from a patient with TSP/HAM. 5 The IL-2-depenTax, Rex and p21 rex ; the singly spliced pX-orf I encoding a dent cell lines, N1185 and N1186, were established by coprotein, p12, and the doubly spliced pX-rex-orf I coding for cultivation of PBMCs from two patients with ATL with cord p12 and with the potential for encoding a 152 amino acid blood cells. 4 The cells were maintained in RPMI with 10% protein (Rex-orf I or Rof), the singly spliced pX-orf II encoding FCS with the addition of Il-2 (20 units/ml, Boehringer p13; the doubly spliced pX-tax-orf II encoding a larger protein Mannheim, Indianapolis, IN, USA) for the IL-2-dependent (p30, Tax-orf II or Tof) which utilizes the initiation codon of cell lines. Tax; and the singly spliced pX-p21 rex , a monocistronic message encoding p21 rex of unknown function. In vitro transfection
RNA preparation
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Protection probes
precipitation, the RNA was analyzed on a denaturing polyacrylamide/urea gel. The gel was analyzed and bands quantitated on a PhosphorImager (Molecular Dynamics, The cDNA of the unique alternatively spliced mRNAs were originally reverse transcribed, amplified and cloned into the Sunnyvale, CA, USA). pBluescript vector (Stratagene, La Jolla, CA, USA) as previously described. 4, 5 Probes used in the RNase protection assay were generated from these vectors by in vitro transcripResults tion after linearization of the vectors with EcoRI. The probes generated as well as the location and size of the protected RNA from the cell lines C10/MJ and LAF were analyzed with all of the above described probes. All eight alternatively fragments, the specific alternatively spliced mRNA detected by the probes and the protein(s) expressed from each mRNA spliced pX messages previously identified and cloned by RT-PCR were detected in the RNA from both the cell line estabare indicated in Figure 1 . A control probe to detect 18S ribosomal RNA was synthesized from pT7 RNA 18S (Ambion, Auslished from the patient with ATL (C10/MJ) as well as the cell line established from the patient with TSP-HAM (LAF) tin, TX, USA). The 18S probe has been used in each experiment to normalize the RNA loading. Radioactively labeled (Figure 2 ). RNA from the C10/MJ and LAF cell lines were analyzed by RNase protection assay and full length protected cRNA probes were generated by in vitro transcription utilizing the T7 Maxiscript (Ambion) with 50 Ci of 32 P-UTP in each bands quantitated relative to 18S ribosomal RNA after PhosphorImager analysis. Due to differences in the sequence of reaction for the generation of the HTLV-I probes and 3 Ci of 32 P-UTP diluted with unlabeled UTP for generation of the 18S each probe, the PhosphorImager units of each protected fragment were divided by the number of labeled nucleotides ribosomal probe. Labeled RNA was separated from unincorporated nucleotides with a sepharose G50 chromatography (UTP) present in the corresponding probe. To better compare the results, values were normalized with respect to the lowest column (5 prime-3 prime, Boulder, CO, USA).
PhosphorImager value obtained (pX-rex-orfI for both C10/MJ and LAF cell lines) ( Table 1 ). In the C10/MJ cell line, expression of pX-tax-orfII was consistently found to be at least
RNase protection assay
three times greater than any of the other mRNAs. In a similar manner, analysis of expression of the pX-specific mRNAs from The RNase protection assay was performed as described. 15 Briefly, 5 × 10 5 c.p.m. of the specific probe resuspended in LAF indicates that expression of p21 rex was at least three times greater than any of the other analyzed transcripts (Table 1) . hybridization buffer (40 mM PIPES, pH 6.4, 0.4 mM MnCl, 1.0 mM EDTA, 20% formamide) were annealed to 10 g of Notably, each cell line analyzed had a different pattern of expression of the mRNAs. While pX-tax-orfII was predominant total heat denatured cellular RNA in 30 l of hybridization buffer by heating at 60°C for 16 h. RNase digestion was perin C10/MJ, it was only moderately expressed in LAF. This mRNA has a coding capacity for a unique 241 amino acid formed with 37 g/ml of RNase A and 736 U/ml of RNase T1 (RNase Cocktail, Ambion) in 350 l of ribonuclease digestion protein of unknown function (p30) which localizes to the nucleolus. 5, 7 In contrast, the monocistronic singly spliced buffer (10 mM, Tris-HCl, pH 7.5, 300 mM NaCl and 5 mM EDTA). This reaction was incubated for 60 min at 30°C. Conmessage coding for p21 rex , highly expressed in LAF, was moderately expressed in C10/MJ. trol experiments were done using 10 g of tRNA in place of cellular RNA and the reaction was stopped with 10 l of At least two proteins of HTLV-I have been associated with cell transformation. A number of studies have shown that 20% SDS and 2.5 l of 20 mg/ml proteinase K. After phenol/chloroform/isoamyl alcohol extraction and ethanol expression of Tax, either alone or in the presence of other 
Table 1
Relative expression of the pX alternatively spliced mRNAs whether the IL-2-independent growth of HTLV-I-transformed mRNAs independent of the IL-2 dependence.
viral proteins, results in transformation in vitro and is associaDiscussion ted with the development of tumor growth in vivo. [16] [17] [18] [19] [20] More recently, the protein, p12, has been shown to have weak oncogenic potential when expressed in the presence of the It is now clear that the human retroviruses HTLV-I and HTLV-II have complex patterns of alternative splicing similar to the bovine papilloma virus protein, E5. 21 Furthermore it has been shown that p12 binds to the ␤ and human retroviruses associated with immunodeficiencies, HIV-1 and HIV-2. This complex splicing results in mono-and poly␥c chains of the IL-2 receptor. 22 Therefore, we investigated cistronic mRNAs with the coding capacity for unique viral branes, the nucleus and the nucleolus respectively. 3,5,7 p12 shares sequence homology with the E5 protein of bovine papproteins in addition to the structural proteins. Our work, utilizing a number of cell lines and a non-PCR-based semi-quantiillomavirus and enhances the in vitro transforming properties of this protein, suggesting that it may function in the transtative assay, clearly demonstrates that these mRNAs represent a significant amount of the total viral RNA expressed as demformation process associated with HTLV-I infection. 21 Furthermore, p12 binds the ␤ and ␥c chains of the IL-2 receptor 22 onstrated by the predominance among the pX messages of the doubly spliced pX-tax-orf II in C10/MJ and the singly spliced suggesting its possible role in the process that transforms an IL-2-dependent HTLV-I T cell line into an IL-2-independent message, p21 rex , in LAF mRNA. It appears that in each cell line there is a unique pattern of expression of these alternaone. The level of expression of the p12-encoding mRNAs, pXorf I and pX-rex-orf I did not correlate with the IL-2 growth tively spliced mRNAs relative to each other. These data suggest that, although the splice sites are conserved, the requirements in the cell lines we studied. However, this does not preclude a role for this protein in the transformation proefficiency of splice site utilization varies among the HTLV-Itransformed T cell lines.
cess, perhaps through complex interactions with other viral (Tax) as well as cellular proteins. One determinant of splice site utilization may be the presence of defective viruses. A common occurrence in HTLV-IThe application of this sensitive and specific semi-quantitative assay for measuring alternatively spliced pX mRNAs to infected cell lines in vitro and in primary infected cells in vivo is the presence of both normal and deleted proviruses. [23] [24] [25] [26] [27] [28] [29] [30] It direct patient samples should provide insight into the role that virus expression plays in the pathogenesis of HTLV-I-associahas been suggested that the high expression of the singly spliced pX-p21 rex mRNA primarily originates from defective ted diseases. proviruses and that the protein is expressed from this monocistronic message rather than from the full-length doubly spliced References pX mRNA. 31 If this is the case, such defective viruses are very common, in that this mRNA was detected in all of the cell 1 Gallo RC. Human T-cell leukemia-lymphoma virus and T-cell lines we analyzed as well as in PBMCs from infected patients, malignancies in adults. Cancer Surv 1984; 3: 113-159.
as we and others previously reported. viral life cycle have been demonstrated, the functions of these
